Accumulation of Biopesticide-Based Rotenone from an Optimized [BMIM][OTf] Green Binary Solvent Mixture in Different Parts of Terong Plant (Solanum Melongena)  by Kang, Ho Yong et al.
 Procedia Engineering  148 ( 2016 )  702 – 709 
1877-7058 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ICPEAM 2016
doi: 10.1016/j.proeng.2016.06.578 
ScienceDirect
Available online at www.sciencedirect.com
4th International Conference on Process Engineering and Advanced Materials 
Accumulation of Biopesticide-Based Rotenone from an Optimized 
[BMIM][OTf] Green Binary Solvent Mixture inDifferent Parts of 
Terong Plant (Solanum melongena) 
Ho Yong Kang, Zetty Shafiqa Othman & Saiful Irwan Zubairi* 
School of Chemical Sciences and Food Technology, Faculty of Science and Technology, Universiti Kebangsaan Malaysia, 43600 UKM Bangi, 
Selangor, Malaysia 
Abstract 
Infestation of pests on the field crops has resulted losses on its productivity yearly. Moreover, over usage of pesticides has also 
affected consumer’s health as pesticides residues are detected inside the post-harvested crops. Therefore, the aim of this study is 
to determine the accumulation of rotenone Derris sp. in leaves, stem and fruit of terong plant (Solanum melongena) through the 
degradation rate (k) and half-life (t1/2) of sprayed rotenone extract. The sprayed rotenone was prepared by using an optimized 
binary solvent mixture of 95% (v/v) acetone and ionic liquid (1-butyl-3-methylimidazolium trifluoromethansulfonate [BMIM] 
[OTf] via normal soaking extraction method. The same extraction method was used on the plant parts by using only 95% (v/v) of 
acetone. Reverse-phase high performance liquid chromatography (RP-HPLC) was used in analysing rotenone and [BMIM][OTf] 
traces. The results indicate that the degradation rates of 20 ppm were (1.35 ± 0.02 day-1 for leaves; 1.89 ± 0.07 day-1 for fruit) 
faster than 1000 ppm of rotenone extract (0.24 ± 0.00 day-1 for leaves; 0.21 ± 0.01 day-1 for stem; 0.31 ± 0.01 day-1 for fruit) 
(p<0.05) within 6 days of observation. Rotenone was identified to possess the half-life (t1/2) in the range of 0.37 ± 0.01 day to 
0.51 ± 0.01 day in the study of 20 ppm rotenone extract. In contrast, the half-life (t1/2) for rotenone on 1000 ppm extract was in 
the range of 2.23 ± 0.05 days to 3.38 ± 0.10 days which was longer than 20 ppm extract (p<0.05). In conclusion, rotenone extract 
is still considered safe and has the potential to be used as a bio-pesticide due to its shorter half-life (t1/2) (less than 7 days at the 
highest concentration of 1000 ppm) than other commercial pesticides. 
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1. Introduction 
In recent times, the trade of organic products in Europe, South America and Japan have shown an incredible 
improvement in the field of food market [1]. This is due to the increasing awareness of consumers from around the 
world on issues related to food safety and environment [2]. Examples of food safety issues of which are often given 
priority are issues involving pesticide residues. Nowadays, most of the food and drink in the market have traces of 
pesticide residue [3]. Pesticide residue has contributed to a lot of poisoning cases [4]. Besides that, pesticide residue 
also can cause fatal and chronic diseases [5]. The community perceives synthetic pesticide as the main cause of the 
pesticide residue in food. Therefore, synthetic pesticide is prohibited in organic agriculture that this leads to the 
development of biopesticides like rotenone [6]. The definition of biopesticides depends on the types of pesticides 
that are derived from natural materials such as animals, plants, bacteria, and certain minerals [7]. Biopesticide is 
normally less toxic as compared to conventional pesticide [7]. Biopesticide only will act on the target pest, while 
conventional pesticide may affect organisms other than the target pest like birds and mammals. Besides that, 
biopesticides is only needed in a small quantity to take effect and it degrades quickly [7]. This can reduce the 
accumulation of pesticide residues in plants. 
Rotenone has been used as a pesticide since a long time ago [8]. Rotenone is a bio-active compound that is 
extracted from a few species of plants in Leguminosae family such as Tephrosia, Derris and Lonchocarpus [9]. In 
Malaysia, Derris elliptica or tuba is an important source of rotenone compound [10]. According to Kole et al. [11], 
there is 4-5% (w/w) of rotenone in Derris elliptica plants.  Rotenone is known as only toxic to cold-blooded 
organisms and it has a less toxic effect toward warm-blooded organisms [10]. Absorption of rotenone in human 
system is slow and it will be decomposed quickly in human body [10]. Rotenone will easily degrade when exposed 
to sunlight and air and its toxicity will be lost in one week time [12-14]. All of these facts are evidence that rotenone 
is less toxic to human beings. Although rotenone is less toxic to human beings and it has been used as a pesticide 
since a long time ago, there are some studies that revealed that 2-3 mg/kg rotenone compound can cause symptoms 
that are similar to Parkinson disease in rats [15]. However, there is still no study conducted to prove that rotenone 
can cause Parkinson disease in humans. According to Tomlin [16], LD50 of rotenone is 132-1500 mg/kg. Rotenone is 
classified as a “moderately hazardous (Class II) technical grade active ingredient” in pesticide [17]. There is no case 
reported on the death or poisoning caused by the normal use of rotenone [18]. Synthetic pesticide can cause the 
accumulation of pesticide residues and the same thing is also contributed by biopesticides. This study was carried 
out to determine the degradation profile of rotenone in terong plants (Solanum melongena) with respect to its 
degradation rates and half-life (t1/2). Ultimately, this study is hoped to be able to reveal the best time to harvest the 
plants after the usage of rotenone as naturally synthesized biopesticides based on the half-life (t1/2) analysis. 
 
2. Materials and Methods 
 
2.1. Plant raw material 
 
The roots of Derris elliptica were collected from Ladang 2 of the Faculty of Agriculture, Universiti Putra 
Malaysia, UPM, Serdang, Malaysia. The roots collected were then cleaned with water to eliminate all the unneeded 
substances like soil. After the cleaning process, the roots were dried overnight in a vacuum oven at the temperature 
of 28-30 oC. Then, the dried roots were ground into selected particle size of ≈0.84 mm using a sieve machine 
(optimized particle size). 
 
2.2. Extraction of rotenone from Derris elliptica roots: Normal soaking extraction (NSE) 
 
50 g of ground roots was immersed in a 500-ml binary solvent of acetone 95% (v/v) and ionic liquids (1-butyl-3-
methylimidazolium trifluoromethansulfonate; Sigma-AldrichTM [BMIM][OTf] - Figure 1) at the optimized organic 
solvent-to-ionic liquid ratio of 9:1 for 14 hours at room temperature (28-30 oC). After 14 hours, the liquid crude 
extract (LCE) was collected and filtered with Whatman filter paper to remove any unwanted solid residue. The 
liquid crude extract (LCE) was then rota-evaporated to eliminate at least 70% (v/v) of the solvent to obtain 
concentrated liquid crude extract (CLCE). The remaining extract was left in the fume hood overnight to complete 
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the residual solvent (acetone) evaporation. The concentration of rotenone in the CLCE was determined by using 
reversed-phase high performance liquid chromatograph (RP-HPLC).  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Molecular structure of 1-butyl-3-methylimidazolium trifluoromethanesulphonate ≥95% (H-NMR) ([BMIM][OTf]; Empirical 
Formula: C9H15F3N2O3S 
 
2.3. Preparation of spraying concentration 
 
The rotenone extract was diluted into two different concentrations with distilled water as recommended in the 
standard instruction of preparation (instruction manual from the commercially available pesticide bottle) prior to 
spraying process: 20 ppm (low concentration) and 1000 ppm (high concentration). 250 ml of diluted rotenone 
extract was sprayed on the plants by using 1 litre of pump action pressure sprayer. Parts of the plant (leave, stem and 
fruit) were collected and analysed for six days or until the content of rotenone in the plants was fully 
degraded/eliminated. 
 
2.4. Extraction of rotenone residue from plant’s parts 
 
The plant’s part were separated into three parts (leave, fruit and stem). Each part was cut into small pieces. 
Approximately 2 g of each of the samples was immersed in the 20 ml of acetone 95% (v/v) (10 ml/g; liquid-to-solid 
ratio) for 14 hours at room temperature (28-30 °C). Three replications were conducted (n = 3). After 14 hours, the 
crude liquid extract was collected and filtered. 
 
2.5. Rotenone residual analysis 
 
The liquid crude extract was analysed by using reversed-phase high performance liquid chromatograph (RP- 
HPLC). Rotenone PESTANAL®, analytical grade with 95% purity - Sigma Aldrich™ was used as the standard 
measured. Standard solution was prepared by dissolving 20 mg of standard powder with 50 ml acetonitrile in a 
volumetric flask. The solution was then filtered and kept in a freezer to slow down the degradation rate. All of the 
samples and standard were filtered with polytetrafluoroethylene (PTFE - 0.45 µm pore size) filter prior to the RP-
HPLC analysis. The external standard method was carried out to calculate the rotenone concentration (ppm) in the 
extract [19].  
 
2.6. Degradation rate (k) and half-life (t1/2) analysis 
 
The exponential line and logarithmic-converted scale were drawn in order to get the degradation rate (k) and half-
life (t1/2) respectively. The degradation rate (k) and half-life (t1/2) were calculated by using first order kinetic model. 
The half-life was calculated based on the equation as the following:  
 
t1/2 = In (2/k) = 0.633/k(1) 
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Where t1/2 = half-life, k = degradation rate constant (slope of the straight linelogarithmic-converted scale)  
 
2.7 Statistical analysis 
 
The data was presented as mean r standard deviation (SD) of mean. Statistical comparisons were performed 
using Tukey’s test. p<0.05 was considered statistically significant. 
 
3. Results and Discussion 
 
3.1. Rotenone residual post-spraying 
 
The optimized rotenone extract concentrations of 0.02 mg/ml (20 ppm) and 1.0 mg/ml (1000 ppm) were used to 
spray the terong plants thoroughly from top to bottom. As to analyze the rotenone residual on each plant’s parts, RP-
HPLC was utilized to determine its concentration. Previous study has shown that rotenone concentration of 0.0012 
mg/ml (1.2 ppm) to 0.02 mg/ml (20 ppm) can contribute to a clearer residual of rotenone after post-spraying [20]. 
Therefore, rotenone concentration of 0.02 mg/ml (20 ppm) of rotenone extract was selected in this experiment as the 
lowest point. The concentration of rotenone extract was increased to 1.0 mg/ml (1000 ppm) to obtain a clearer 
degradation profile of rotenone from the highest concentration. Besides that, a high concentration of rotenone 
extract was used due to the fact that only a small amount (<0.1%) of sprayed pesticide would be absorbed by most 
of the plants [21]. In fact, most of the sprayed pesticide would be lost through spray drift, evaporation and 
photodegradation. 
In this study, the concentrations of rotenone extract used were considered beyond permitted/reference dose 
suggested. The reference dose was selected based on the commercially available rotenone formulation in the market. 
The rotenone formulation in the market contains chemical substances that stabilize the active ingredients (rotenone) 
and prevent them from degradation [20]. However, the rotenone extract used in this research did not contain any 
chemical substances mentioned above to stabilize the rotenone. Therefore, a high concentration of rotenone is 
needed to determine the rotenone residual accumulation profile. Eventhough the reference dose and maximum 
residue level (MRL) of rotenone in the human body are beyond the tolerable concentration (0.004 mg/ml (4 ppm) 
[18] and 0.01-0.02 ppm [22] respectively), the rotenone in a raw extract product is believed to undergo a rapid 
degradation as none of the stabilizer was presented in the spray as it fully relies on its naturally available emulsifier 
inside the extract. 
Table 1 presents the concentration of rotenone (20 ppm and 1000 ppm rotenone extracts) in each part of the plant. 
For 0.02 mg/ml (20 ppm) of sprayed rotenone extract, the plant’s leaves contained 0.0175 r 0.0011 mg/ml of 
rotenone on the first day and degraded to 0.0049 r 0.0003 mg/ml which was almost 72% in reduction in day 3 
(p<0.05). Meanwhile, rotenone’s residue with a concentration of 0.0110 r 0.0064 mg/ml was found in the fruit on 
the first day and subsequently degraded to 0.0011 r 0.0001 mg/ml and 0.0007 r 0.0001 mg/ml on the second day 
and the third day respectively (p<0.05). However, there were no traces of rotenone in the stem after the spraying of 
0.02 mg/ml (20 ppm) rotenone extract and only a small fraction of residual was detected on day 2 (0.0002 r 0.0001 
mg/ml). This phenomenon was possibly due to epicuticular waxes which are abundantly available in all plant that 
deters any pesticides from being absorb into the stem [23]. In fact, most of the sprayed rotenone extract was stuck on 
the leaves and only a small amount of rotenone dissolved into soil.  
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Table 1. Rotenone concentration in each part of terong plant at concentration of 20 ppm and 1000 ppm 
 
Day 
0.02 mg/ml (20 ppm) 1.0 mg/ml (1000 ppm) 
Leave Stem Fruit Leave Stem Fruit 
1 
0.0175 r 
0.0011Aa 
ND 
0.0110 r 
0.0064Aa 
0.1339 r 
0.0012Aa 
0.0097 r 
0.0001Ba 
0.0051 r 
0.0001Ca 
2 0.0015 r 
0.0001Ab 
0.0002 r 
0.0001Bb 
0.0011 r 
0.0001Cb 
0.1035 r 
0.0004Ab 
0.0065 r 
0.0001Bb 
0.0024 r 
0.0001Cb 
3 0.0049 r 
0.0003Ac 
ND 0.0007 r 
0.0001Cb 
0.0619 r 
0.0004Ac 
0.0076 r 
0.0001Bc 
0.0035 r 
0.0001Cc 
4 ND ND ND 0.0561 r 
0.0003Ad 
0.0051 r 
0.0001Bd 
0.0016 r 
0.0003Cd 
5 ND ND ND 
0.0661 r 
0.0002Ae 
0.0045 r 
0.0001Be 
0.0018 r 
0.0001Cd 
6 ND ND ND 
0.0345 r 
0.0004Af 
0.0031 r 
0.0001Bf 
0.0008 r 
0.0001Ce 
Note: A-C Means within rows followed by different letters were significantly different (p<0.05). a-f Means within columns followed by different 
letters were significantly different (p<0.05). ND: Not detected. Liquid salt [BMIM][OTf] was undetected as its depleted into gasses CO2, CO and 
NOX in high temperature condition (>40 
oC).    
 
For the 1.0 mg/ml (1000 ppm) extract, there was 0.1339 r 0.0012 mg/ml of rotenone detected in the leaves on 
the first day and it degraded to 0.0345 r 0.0004 mg/ml only. There was also a significant difference (p<0.05) in the 
residue concentration in the leaves between the days. The stem was discovered to contain 0.0097 r 0.0001 mg/ml of 
rotenone on day 1 and it degraded to 0.0031 r 0.0001 mg/ml on day 6. For the fruit, 0.0051 r 0.0001 mg/ml of 
rotenone was detected on the first day and only 0.0008 r 0.0001 mg/ml of rotenone left in the fruit on day 6. There 
was also a significant difference (p<0.05) of the residual in the fruit between the days except for day 4 and day 5. 
However, in between day 2 to day 4, there was a smallsignificant increase of rotenone concentration (p<0.05) on the 
leaves and fruit where the concentration should be decreasing along the time. This was probably due to the presence 
of epicuticle wax layer on the surface of the plant’s part which was formed by the mixture of non-polar long chain 
compounds like hydrocarbon, ketone, ester, alcohol, aldehyde and free fatty acid [24]. The sprayed pesticide would 
possibly spread to the wax layer and this wax layer could has act as a sunlight filter to reduce the rate of 
photodegradation activity [25, 26]. The composition of the wax layer also might increase, decrease or mantain the 
degradation rate (k) of pesticide Therefore, the unwanted increase might have been caused by the presence of the 
wax layer [27]. 
Moreover, it can be observed that the leaves had the highest rotenone residue as compared to other parts of the 
plant (p<0.05). This was due to a high allocation of sprayed rotenone extract on the leaves as the leaves had the 
largest surface area as compared to other parts[23]. Leaves can absorb sprayed pesticide directly, while others part 
absorb pesticide that is dissolved in soil or water. Besides, hydrophobic compound like rotenone is also more likely 
to stay in the epicuticle wax layer in a plant [28]. On the other hand, horizontal lamina disposition and pubescent 
properties of leaves increase the deposition of rotenone residue on leaves [29]. However, a high water content in 
stem and fruit will dilute the absorbed rotenone. Therefore, stem and fruit have a lower concentration of rotenone as 
compared to leaves. 
Rotenone residue was found in the stem for the 1.0 mg/ml (1000 ppm) rotenone extract but nothing was 
discovered in the stem for the 0.02 mg/ml (20 ppm) one. This was because a leaching problem occurred during the 
spraying of the 1.0 mg/ml (1000 ppm) rotenone extract. The rainwater washed off the rotenone extract that was  
stuck on the leaves and fruitsdown into the soil. The fluactuation of rotenone content in the stem during those rainy 
day (in between day 2 and 4) has proven that stems were capable of absorbing extra pesticide (rotenone) that was 
dissolved easily with water in the containedsoil [23]. However, there was no leaching problem involved during the 
experiment with the 0.02 mg/ml (20 ppm) rotenone extract since the experiment was conducted on a sunny day. In 
fact, chemical active compounds that are absorbed in a plant may undergo different processes like translocation of 
chemical compound by xylem and phloem, storage of chemicals, metabolism/break off of chemicals and exudation 
process These processes depend on the characteristics and concentration of the sprayed chemical compound 
available on the plant [29]. 
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3.2. Degradation rate (k) and half-life of rotenone (t1/2) 
Figure 2 illustrates the degradation profile of optimized rotenone extracts (20 ppm and 1000 ppm) treated 
onterong plants. The exponential graphs were converted to the logaritmic scale for calculation of the degradation 
rate (k) and half-life of rotenone. The straight line obtained in the logarithm graph proves that the degradation of 
rotenone follows the kinetic first order model [30]. Figure 2(a) depicts the degradation profile of rotenone for 0.02 
mg/ml (20 ppm) sprayed concentraction. It was observed that after 24 hours of spraying only stem part was 
considered undetected. Meanwhile, the concentration of rotenone residue was reduced from 1.0 mg/ml (1000 ppm) 
to less than 0.02 mg/ml (20 ppm) on all parts within 24 hours post-spraying (Figure 2(b)). A sudden and 
unpredictable weather changes (from dry to a rainy day) during the study has caused abysmal reduction of rotenone 
content exceeded almost 85% due to the leaching process. In fact, the sprayed rotenone extract was actually being 
washed away by the rainwater and it dissolved into the soil which is a common problem to the farmers during the 
pre-harvest treatment session [31]. 
 
 
Figure 2. The degradation profile of rotenone for (a) 0.2 mg/ml (20 ppm) and (b) 1.0 mg/ml (1000 ppm) (n = 3) 
 
Table 2. Degradation rate (k) and half-life of rotenone (20 ppm and 1000 ppm rotenone extract)  
 
Parts 
0.02 mg/ml (20 ppm) 1.0 mg/ml (1000 ppm) 
Degradation rate (k) (day-1) Half-life (t1/2) (day) Degradation rate (k) (day
-1) Half-life (t1/2) (day) 
Leaves 1.35 ± 0.02a 0.51 ± 0.01a 0.24 ± 0.00a 2.95 ± 0.03a 
Stem ND ND 0.21 ± 0.01b 3.38 ± 0.10b 
Fruit 1.89 ± 0.07c 0.37 ± 0.00c 0.31 ± 0.01c 2.23 ± 0.05c 
Note: a-c Means within rows followed by different letters were significantly different (p<0.05). ND: Not detected. 
 
Furthermore, Table 2 shows the degradation rate (k) and half-life (t1/2) of rotenone for both 20 ppm and 1000 
ppm rotenone extracts as calculated based on Equation (1). For the 0.02 mg/ml (20 ppm) rotenone extract, the half-
life of rotenone was discovered to be lower than the one found in the past researches. This might have been due to 
the fact that a low stability of the rotenone active ingredient in the extract. In most past studies, the researchers used 
rotenone formulation which had higher stability  as compared to the fresh rotenone extract in this research. On the 
other hand, the half-life of rotenone in the 1.0 mg/ml (1000 ppm) extract was in the range of the half-life identified 
in the past researches (Table 3). Meanwhile, it was observed that the half-life of rotenone residue in the stem was 
longer than other parts (p<0.05). This might be due to the stem being protected from the sunlight and thus less 
photodegradation activity took place. Theoritically, the rotenone was supposed to have the same half-life values 
since the study was conducted in the same control environment (e.g. shaded treatment area, same size and maturity 
of the plant, same pot size and type of soil used) even though the spraying concentration were varies. The 
differences of its half-life values might have been caused by the dry/hot environment during the spraying process of 
0.02 mg/ml (20 ppm) and cloudy/colder and wet environment during the spraying of 1.0 mg/ml (1000 ppm) 
rotenone extract. However, a rainy day during the spraying of 1000 ppm had delayed the degradation process as 
most of the rotenone were flushed out and trapped into the soil and eventually reuptake to all plant’s part through 
capillary effect during metabolism process.  
y = 0.3751e-1.354x 
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Table 3. Half-life (t1/2) of some active ingredients in pesticides as compared to rotenone extract 
 
Active ingredient in pesticides Half-life 
Rotenone (crude extract 20 ppm) 0.37 - 0.51 day 
Rotenone (crude extract 1000 ppm) 2.23 - 3.38  days 
Rotenone (formulation) for storing stability test 520 days [20] 
Pyrethrins 
0.9 hour (pepper) [35] 
0.46  hour (tomato) [35] 
Azadirachtin 0.8 day [36] 
Spinosad 1.6 - 16 days [37] 
Esfenvalerate 66 - 287 days [38] 
Carbaryl 10 days [39] 
 
Conclusion 
 
Based on the previous studies, other commercially available biopesticides half-life (Table 3) and rotenone 
retained for approximately 2.9-3.6 days in cabbage [32], 0.9-2.7 days in tomato [32], 0.89-1.55 days in a leafy plant 
[33] and 4 days in olive [34].Meanwhile, the optimized crude rotenone extract residue half-life (t1/2) on 
differentterongplant’s partslies within the range of 0.51 ± 0.01 days to 3.38 ± 0.10 days.These values are adequately 
comparable to demonstrate on how well rotenone could be degraded in environment with an acceptable amount of 
residue left in the field crop plants. According to Wiwattanapatapee et al.[20], the rotenone formulation in the form 
of granules or emulsified concentrated liquid (equivalent to 5% (w/w) of rotenone) is expected to have half-life (t1/2) 
of 520 days. This specialized formulation contained stabilizer which has been designed to retain to a certain period 
of time prior to harvesting. In terms of safety, raw rotenone extract is considered safer as compared to the 
formulated rotenone as its half-life (t1/2) is substantially longer and can keep the plant for a longer time. However, 
the rotenone effectiveness will be compromised as the formulated pesticides will be even more cost effective and 
economical than the raw crude extract in the long term run (e.g. pesticide storage for the next pre-harvesting 
treatment) as it has to be used in a very high concentration (e.g. 1000 ppm).Therefore, before it can effectively be 
used as an organic pesticide, specialized chemicals such as surfactant can be added to stabilize the active ingredients 
in the liquid crude extract as a tunable formulated biopesticides which degrades when essentially needed. 
 
References 
 
[1] Yussefi, M. & Willer, H. 2003. The world of organic agriculture: Statistics and future prospects 2003.  
[2] Caboni, P., Sarais, G., Angioni, A., Garau, V. L. & Cabras, P. 2005. Fast and versatile multiresidue method for the analysis of botanical   
insecticides on fruits and vegetables by HPLC/DAD/MS. Journal of Agricultural and Food Chemistry 53(22): 8644-8649. 
[3] Pimentel, D. 2005. Environmental and economic costs of the application of pesticides primarily in the United States. Environment,    
development and sustainability 7(2): 229-252. 
[4]  Hart, K. & Pimentel, D. 2002. Public health and costs of pesticides. Encyclopedia of Pest Management. New York, Marcel Dekker: 677-679. 
[5]  Richter, E. 2002. Acute human pesticide poisonings. Encyclopedia of pest management. Pimentel, D. New York Marcel Dekker: 3 -6. 
[6] Cabras, P., Caboni, P., Cabras, M., Angioni, A. & Russo, M. 2002. Rotenone residues on olives and in olive oil. Journal of Agricultural and    
Food Chemistry 50(9): 2576-2580. 
[7]  EPA. 2014.  What are Biopesticides? Washington: United States Environmental Protection Agency. 
[8] Ott, K. C. 2008. Rotenone. A Brief Review of its Chemistry, Environmental Fate, and the Toxicity of Rotenone Formulations.  
http://www.newmexicotu.org/Rotenone%20summary.pdf [23 May 2014]. 
[9] Ray, D. E. 1991. Pesticides derived from plants and other organisms. Dlm. Hayes, W. J. & Laws, E. R. (pnyt.).  Handbook of Pesticide 
Toxicology, hlm. 599-603. New York Academic Press. 
[10] Sae Yoon, A. 2009. Extraction and formulation development of Derris elliptica for insect pest control. Tesis Dr. Fal, Prince of Songkla    
University. 
[11] Kole, R. K., Satpathi, C., Chowdhury, A., Ghosh, M. R. & Adityachaudhury, N. 1992. Isolation of amorpholone, a potent rotenoids 
insecticide from Tephrosia candida. Journal of Agricultural and Food Chemistry 40(7): 1208-1210. 
[12]  Matsumura, F. 1985.  Toxicology of Insecticides. New York: Plenum Press  
[13] Saiful, I. Z., Mohamad Roji, S. & Ramlan Abdul, A. 2014a. Bio-Active Constituents of Rotenoids Resin Extracted from Derris elliptica 
Roots: Comparison between Local Plant Extract and SAPHYR (France) Cube Resin. Advances in Environmental Biology 8(4): 904-909. 
[14] Saiful, I. Z., Mohamad Roji, S. & Ramlan Abdul, A. 2014c. A study of rotenone from Derris roots of varies location, plant parts and types of  
709 Ho Yong Kang et al. /  Procedia Engineering  148 ( 2016 )  702 – 709 
solvent used. Advances in Environmental Biology 8(2): 445-449. 
[15] Betarbet, R., Sherer, T. B., MacKenzie, G., Garcia-Osuna, M., Panov, A. V. & Greenamyre, J. T. 2000. Chronic systemic pesticide exposure  
reproduces features of Parkinson's disease. Nature Neuroscience 3(12): 1301-1306. 
[16] Tomlin, C. D. S. 2000.  The Pesticide Manual. Farnham: British Crop Protection Council. 
[17] WHO. 2009.  The WHO Recommended Classification of Pesticides by Hazard and Guidelines to Classification. Geneva: World Health  
Organization. 
[18]  EPA. 2007.  Reregistration Eligibility Decision for Rotenone. Washington: United States Environmental Protection Agency. 
[19] Saiful, I. Z., Mohamad Roji, S. & Ramlan Abdul, A. 2014b. A preliminary study of rotenone exhaustive extraction kinetic from Derris 
elliptica dried roots using normal soaking extraction (nse) method. Advances in Environmental Biology 8(4): 910-915. 
[20] Wiwattanapatapee, R., Sae-Yun, A., Petcharat, J., Ovatlarnporn, C. & Itharat, A. 2009. Development and evaluation of granule and 
emulsifiable concentrate formulations containing Derris elliptica extract for crop pest control. Journal of Agricultural and Food Chemistry 
57(23): 11234-11241. 
[21] Pimentel, D. 1995. Amounts of pesticides reaching target pests: environmental impacts and ethics. Journal of Agricultural and environmental 
Ethics 8(1): 17-29. 
[22] Cavoski, I., Caboni, P. & Miano, T. 2011. Natural pesticides and future perspectives. Pesticides in the Modern World -Pesticides Use and 
Management 169-190. 
[23] Angioni, A., Cabizza, M., Cabras, M., Melis, M., Tuberoso, C. & Cabras, P. 2004. Effect of the epicuticular waxes of fruits and vegetables 
on the photodegradation of rotenone. Journal of Agricultural and Food Chemistry 52(11): 3451-3455. 
[24] Bianchi, G. 1995. Plant waxes. Dlm. Hamilton, R. J. (pnyt.).  Waxes: chemistry, molecular biology and functions, hlm. 175-222. Dundee: 
The Oily Press  
[25] Sabere, A. S. M., ISMAIL, Z. Z. & BS. 2013. Comparison of the Level of Organochlorine Residues in Paddy Crops from Two Different 
Cultivation Practices. Sains Malaysiana 42(11): 1581-1584Paterson, S., Mackay, D., Tam, D. & Shiu, W. 1990. Uptake of organic chemicals 
by plants: A review of processes, correlations and models. Chemosphere 21(3): 297-331. 
[26] Cabras, P., Angioni, A., Garau, V. L., Melis, M., Pirisi, F. M. & Minelli, E. V. 1997. Effect of epicuticular waxes of fruits on the 
photodegradation of fenthion. Journal of Agricultural and Food Chemistry 45(9): 3681-3683. 
[27] Raha, P., Banerjee, H., Das, A. K. & Adityachaudhury, N. 1993. Persistence kinetics of endosulfan, fenvalerate, and decamethr in in and on 
eggplant (Solanum melongena L.). Journal of Agricultural and Food Chemistry 41(6): 923-928. 
[28] Paterson, S., Mackay, D., Tam, D. & Shiu, W. 1990. Uptake of organic chemicals by plants: A review of processes, correlations and models. 
Chemosphere 21(3): 297-331. 
[29] Norris, L. A. & Forest, P. N. 1974.  Behavior of pesticides in plants. Portland: U.S. Department Of Agriculture.  
[30] Bianchi, G. & Hamilton, R. 1995. Waxes: chemistry, molecular biology and functions. Waxes: Chemistry, Molecular Biology and Functions 
[31] Rao, N. V. S. & Pollard, A. G. 1951. Photo-decomposition of rotenone in spray deposits. III - Kinetics of the photo-decomposition. Journal 
of the Science of Food and Agriculture 2(10): 462-472. 
[32] Newsome, W. H. & Shields, J. B. 1980. Residues of rotenone and rotenolone on lettuce and tomato fruit after treatment in the field with 
rotenone formulations. Journal of Agricultural and Food Chemistry 28(4): 722-724. 
[33] Zhou, Y., Zhang, N., Wang, K., Li, W., Li, H. & Zhang, Z. 2013. Dissipation and Residue of Rotenone in Cabbage and Soil under Field 
Conditions. Bulletin of environmental contamination and toxicology 91(2): 251-255. 
[34] Cabras, P., Caboni, P., Cabras, M., Angioni, A. & Russo, M. 2002. Rotenone residues on olives and in olive oil. Journal of Agricultural and 
Food Chemistry 50(9): 2576-2580. 
[35] Antonious, G. F. 2004. Residues and half-lives of pyrethrins on field-grown pepper and tomato. Journal of Environmental Science and 
Health, Part B 39(4): 491-503. 
[36] Caboni, P., Cabras, M., Angioni, A., Russo, M. & Cabras, P. 2002. Persistence of azadirachtin residues on olives after field treatment. 
Journal of Agricultural and Food Chemistry 50(12): 3491-3494. 
[37] Thompson, G. D., Dutton, R. & Sparks, T. C. 2000. Spinosad - a case study: an example from a natural products discovery programme. Pest 
Management Science 56(8): 696-702. 
[38] Werner, I., Geist, J., Okihiro, M., Rosenkranz, P. & Hinton, D. E. 2002. Effects of dietary exposure to the pyrethroid pesticide esfenvalerate 
on medaka (Oryzias latipes). Marine Environmental Research 54(3–5): 609-614. 
[39] Wauchope, R. D., Buttler, T., Hornsby, A., Augustijn-Beckers, P. & Burt, J. 1992. The SCS/ARS/CES pesticide properties database for 
environmental decision-making. Dlm. (pnyt.).  Reviews of environmental contamination and toxicology. 1-155. Springer. 
 
